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comprend un dispositif de traitement programmable 
utilise pour remission et la reception de paquets de 
donnees de longueur fixe ou variable. Ce systeme est 
caracterise par le fait qu'il comprend un dispositif de 
tamponnage (132) des paquets de donnees, un dispositif 
^identification de ce dispositif de tamponnage et ces 
paquets de donnees dans ce dispositif de tamponnage, un 
dispositif servant a mettre en file d'attente (figure 15) 
dans le dispositif de stockage (131) ce dispositif 
d'identification dans une instruction particuliere, un 
dispositif servant a extraire (figure 16) de ce dispositif de 
stockage (131) ce dispositif d 'identification dans une 
autre instruction particuliere, et un dispositif servant a 
liberer le dispositif de tamponnage. Chaque instruction 
comprend jusqu'a trois operations executees en parallele 
par ce dispositif de traitement : une operation 
arithmetique et logique sur le dispositif d 7 identification, 
un dispositif de memorisation dans le dispositif de 
stockage et une operation de sequencement. 



means, for receiving and transmitting data packets of 
fixed or variable length. This system is characterized in 
that it comprises * means for buffering (132) said data 
packets, • means for identifying said buffering means and 
said data packets in said buffering means, • means for 
queueing (Figure 15) in storing means (131) said 
identifying means in a single instruction, • means for 
dequeueing (Figure 16) from said storing (131) means 
said identifying means in another single instruction, 
• means for releasing said buffering means, Bach 
instruction comprises up to three operations executed in 
parallel by said processing means: • an arithmetical and 
logical (ALU) operation on said identifying means, * a 
memory operation on said storing means, and • a 
sequence operation. 
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Abstract 



PROGRAMMABLE HIGH PERFORMANCE DATA COMMUNICATION 

ADAPTER FOR 
HIGH SPEED PACKET TRANSMISSION NETWORKS. 

A high performance data packet buffering method and a programmable data 
communication adapter for high speed packet transmission networks arc dis- 
closed. The line adapter includes programmable processing means, for receiv- 
ing and transmitting data packets of fixed or variable length. This system is 
characterized in that it comprises 

• means for buffering (132) said data packets, 

• means for identifying said buffering means and said data packets in said 
buffering means, 

• means for qucucing (Figure 15) in storing means (131) said identifying 
means in a single instruction, 

• means for dequcucing (Figure 16) from said storing (131) means said 
identifying means in another single instruction , 

• means for releasing said buffering means, 

Each instruction comprises up to three operations executed in parallel by said 
processing means : 

• an arithmetical and logical (ALU) operation on said identifying means, 

• a memory operation on said storing means, and 

• a sequence operation. 



Fig. 4 
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PROGRAMMABLE HIGH PERFORMANCE DATA COMMUNICATION 

ADAPTER FOR 
HIGH SPEED PACKET TRANSMISSION NETWORKS. 



Technical field 

The present invention relates to a high performance packet buffering system 
and method in a programmable data communication adapter of a packet 
switching node of a high speed network. 

Background art 



Technical and Market Trends 

The telecommunication environment is in full evolution and has changed 
considerably this recent years. The principal reason has been the spectacular 
progress realized in the communication technology : 

• the maturing of fiber optical transmission. High speed rates can now be 
sustained with very low bit error rates. 

• the universal use of digital technologies within private and public telecom- 
munications networks. 

In relation with these new emerging technologies, the offer of the telecommu- 
nication companies, public or private, arc evolving : 

• The emergence of high speed transmissions entails an explosion in the high 
bandwidth connectivity. 

• the increase of the communication capacity generates more attractive 
tariffs. 
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• A higher flexibility is offered to ihe users to manage their growth through 
a wide range of connectivity options, an efficient bandwidth management 
and the support of new media. 

• Once sampled and digitally encoded, voice, video and image derived data 
can be merged with pure data for a common and transparent transport. 

Abundant, cheap communications means that many potential applications 
that where not possible before because of cost arc now becoming attractive. In 
this environment, four generic requirements are expressed by the users : 

• Doing old applications better, 

• Optimizing communication networks, 

• Doing new applications. 

High Performance Networks 

In a first step, Tl backbone networks were primarily deployed with TDM 
(Time Division Multiplexing) technology to achieve cost savings through line 
aggregation. These systems easily supported the fixed bandwidth requirements 
of host/terminal computing and 64 Kbps PCM (Pulse Code Modulation) voice 
traffic. 

The data transmission is now evolving with a specific focus on applications 
and by integrating a fundamental shift in the customer traffic profile. Driven 
by the growth of workstations, the local area networks (LAN) interconnection, 
the distributed processing between workstations and super computers, the new 
applications and the integration of various and often conflicting structures - 
hierarchical versus peer to peer, wide (WAN) versus local (LAN) area net- 
works, voice versus data - the data profile has become higher in bandwidth, 
bursting, non deterministic and requires more connectivity. Based on the 
above, it is clear that there is strong requirement to support distributed com- 
puting applications across high speed backbones that may be carrying LAN 
traffic, voice, video, and traffic among channel attached hosts, business work- 
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• „k -mil small to intermediate file 
stations, engineering workstations, tcrm.nals. ,m 
servers. This traffic reflects a heterogeneous m.x of . 

This vision or a high speed ^^^^Z 
.h. emergence of fast packet swUch.ng ^ ^ ^ small packels 
voice, and video information is «^^ Bb . Allhough ,ow 

and transmiued through a 

speed links may exist, the avadab.hty of fib P ^ 
U« to have a few links of high speed rath r ttat m.« ^ ^ 
addition to the high speed backbone t er —ork is 

essentially provides access to the chmg od^ Fh 
compoS ed of relatively low lhc pcrip hcra, net- 

or switching techniques used m the backbi n ^ ^ 

wo. Pcrro- the task of mult ^« ^ arc M 

thc high speed backbone. Thus, backbon ^ 
Handling high speed lines, ^^^^ny^ 
switching node is relatively small but thc aggrq, 
Giga-bits per second range. 



Throughput 

■ t of these new architectures is to reduce the end-to-end 
The key recrement of Uksc n ^ ^ ^ ^ ncc . 

delay in order to sat.sfy real umc dch ^ ^ 

cssary high noda, ^^ tf ;"^^ increases in the proc 
in «„k speeds have not been matched b P P ^ ^ ^ 

essing speeds of communicate nodes and the n ^ ^ 

spccd networks is to minim* the packc r« ^ ^ 

As example for meeting a typical 100 ms delay 
tween two end users : 
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• A total of 36 ms might be needed for the packctization and play-out func- 
tions at the end points. 

• About 20 ms is the unalterable propagation delay needed, say, to cross the 
United States. 

• There remains 44 ms for all the intra-nodc processing time as the packet 
moves through the network. In a 5 nodes network, each node would have 
about 8 ms for all processing time including any qucucing time. In a 10 
nodes network, each node would have about 4 ms. 

Another way of looking the same constraint is illustrated in Figure 1 : taking 
a node with an effective processing rate of I MIPS (Millions of Instructions 
Per Second), it is possible to Till a 9.6 kbps line with 1000 byte packets even if 
a network node must execute 833 000 instructions per packet processed. For a 
64 kbps line the node can afford 125 000 instructions per packet. In order to 
nil an OC24 link, however, our I MIPS node could only execute 7 instruction 
per packet | In the latter case even an effective rate of 10-30 MIPS would allow 
only 70-200 instructions per packet. 

In order to minimize the processing time and lo lake full advantage of the high 
speed/low error rate technologies, most of the transport functions provided by 
the new high bandwidth network architectures arc performed on an end-to-end 
basis. This includes the flow control and error recovery for data, the 
packctization and reassembly for voice and video. The protocol is simplified : 

• First, there is no need for transit node to be aware of individual (end user 
to end user) transport connections. 

• Secondly high performance and high quality links docs not require any 
more node to node error recovery or re-transmission. Congestion and and 
flow control are managed at the access and end points of the network 
connections reducing both the awareness and the function of the interme- 
diate nodes. 
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Packet size 



Blocks of user data offered for transmission vary widely in size. If these blocks 
arc broken up into many short "packets" then the transit delay for the whole 
block across the network will be considerably shorter, this is because when a 
block is broken up into many short packets, each packet can be processed by 
the network separately and the first Tew packets of a block may be received at 
the destination before the last packet is transmitted by the source. 
Limiting all data traffic to a small maximum length also has the effect of 
smoothing out qucueing delays in intermediate nodes and thus providing a 
much more even transit delay characteristic than is possible if blocks arc al- 
lowed to be any length. Another benefits to short packets, for example, is to 
manage easier a pool of fixed length buffers in an intermediate node if it is 
known that each packet will fit in just one buffer and if packets are short and 
delivered at a constant, relatively even rate then the amount of storage needed 
in the node buffer pool is minimized. 

However, there is a big problem with short packet sizes. It is a characteristic 
of the architecture of traditional packet switching nodes that switching a 
packet takes a certain amount or time or number of instructions regardless or 
the length of the packet. That is, a 1000 bytes block requires almost the same 
node resource to switch as docs a 100 bytes block. So ir you break a 1000 bytes 
packet up into 10, 100 bytes packets then you multiply the load on an inter- 
mediate switching node by 10. This erfect was not loo critical when nodes were 
very fast and links were very slow. Today, when links arc very fast and nodes 
are relatively slow, this characteristic is a significant limitation on network 
throughput. 

Short packets arc more suitable for the transmission of real time data, like 
voice or video packets, which must be delivered to the receiver at a steady, 
uniform rate (isochronous mode). An elegant solution to both the transit delay 
and error recovery problems is to use very short packets of fixed length. Fur- 
thermore, this technology simplifies (and therefore speeds up ) the switching 
hardware needed in nodal switches. For example, the ATM standard (Asyn- 
chronous Transfer Mode) is using data cell size of 48 bytes (a cell being a 
packet of fixed length), only the routing header (5 bytes) is checked for validity 
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and the data within the cell is left to the end-to-end protocol that means to a 
"higher layer" protocol managed by the application. 

In another side, pure data arc generated in a very bursty and non 
deterministic manner but docs not have a problem with transit delay. This 
data can be delayed without necessarily degrading the quality of the informa- 
tion presented to an end user at the destination. The longer the packet is, the 
fewer packets per second must be switched for a given data throughput. 
However, the non predictable character of the traffic usually requires a heavy 
handling of buffers and queues at the expense of the response time. 

In order to take full advantage of the different data packet transmission sys- 
tems, the data transfer across the network must be done with packets of nearly 
the same size as the user packets without processing them into artificial 
lengths. As opposed to solely data networks or solely voice or video networks, 
the high speed network architectures have to support a plurality of heteroge- 
neous transmission protocols operating with variable length packets. 



Connectivity 

In a high speed network, the nodes must provide a total connectivity. This 
includes attachment of the customer's devices, regardless of vendor or protocol, 
and the ability to have the end user communicate with any other device. 
Traffic types include data, voice, video, fax, graphic, image. Thc|nodc must be 
able to take advantage of all common carrier facilities and to be adaptable to 
a plurality of protocols : all needed conversions must be automatic and trans- 
parent to the end user. For example, a high speed node must not have any 
dependencies on the existence of SNA (System Network Architecture) equip- 
ments on a user network. It has to be able to offer a similar level of service in 
a SNA environment as in a non-SNA environment made of routers. Private 
Branch exchanges (PBXs), Local Area Networks (LAN) ... 
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Key requirements 

The efficient transport of mixed traffic streams on very high speed lines means 
for each communication node of the network a sel of requirements in lenn of 
performance which can be summarized as follows : 

• a very short packet processing time, 

• a very high throughput, 

• an efficient queue and buffer management, 

• a limited number of instructions per packet, 

• a very large flexibility to support a wide range of connectivity options. 

The high bandwidth dictates the need of specialized hardware to support very 
fast packet handling and control protocols, and to satisfy the real time trans- 
mission needs of the voice and video traffic. The processing time being the 
main bottleneck in high speed networks, most of the communication nodes to- 
day arc built around high speed switching hardware to off-load the routing 
packet handling and routing functions from the processor. 
However, on equal performances, a software approach represents the most 
adequate solution for each node to meet the connectivity and flexibility re- 
quirements and to optimize the manufacturing and adaptation costs. The line 
adapters, arc based on a common hardware design and arc configured by 
means of a specific programming to execute cither the access point or inter 
nodal transport functions. The adaptability of the adapters to support different 
access protocols and data streams - Frame Relay, HDLC (High level Data 
Link Control), CBO (Continuous Bit Operations), ATM (Asynchronous 
Transfer Mode), ... - is provided by logical components called Access Agents. 
Such logical associations Adapter/Access Agent arc specified by software, 
providing a very large flexibility at a reduced cost. Each line adapter is auto- 
matically configured at system initiation according to : 

• the adapter function, and 

• the access protocol. 

Summary of the invention 
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In accordance with the present invention, a high performance packet buffering 
method and a programmable data communication adapter system arc dis- 
closed. The line adapter includes programmable processing means, for receiv- 
ing and transmitting data packets of fixed or variable length. This system is 
characterized in that it comprises 

• means for buffering (132) said data packets, 

• means for identifying said data packets in said buffering means, 

• means for queueing (Figure 15) in storing means (131) said identifying 
means in a single instruction, 

• means for dequeueing (Figure 16) from said storing (131) means said 
identifying means in another single instruction , 

• means for releasing said buffering means, 

Each instruction comprises up to three operations executed in parallel by said 
processing means : 

• an arithmetical and logical (ALU) operation on said identifying means, 

• a memory operation on said storing means, and 

• a sequence operation. 
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Description of the drawings 

Figure 1 shows the processing times (or number of instructions per second) 
required in function of the different line throughputs supported by the prcscnL 
invention. 

Figure 2 shows a typical mode! of high speed packet switching network in- 
cluding the access and transit nodes claimed in the present invention. 

Figure 3 describes a high speed Routing Point according to the present in- 
vention. 

Figure 4 shows a programmable high performance adapter as claimed in the 
present invention. 

Figure 5 represents the receive and transmit data Hows in a Trunk adapter 
according to the present invention 

Figure 6 illustrates the buffer, packet and queue structures according to the 
present invention. 

Figure 7 illustrates the packet segmentation mechanism according to the 
present invention. 

Figure 8 represents the Buffer Pointer structure according to the present in- 
vention. 

Figure 9 represents the List Pointer structure according to the present in- 
vention. 

Figure 10 illustrates the List J N operation according to the present invention. 

Figure 1 i illustrates the ListJDUT operation according to the present in- 
vention. 
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t Figure 12 represents the Free Buffer List structure according to the present 

invention. 

■* 

I Figure 13 represents the Processor functional structure according to the pres- 

ent invention. 

| Figure 14 illustrates the dequcucing mechanism according to the present in- 

>> vention. 

% Figure 15 illustrates the qucucing mechanism according to the present in- 

■3 

vcntion. 

■i 

1 Figure 16 shows a simplified view of a dequcucing cycle according to the 

I present invention. 
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Option oftkc parrel 
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As illU stratcd m F.gurc 2 a p a 1 m ^ ^ 
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network, Each user network can ^ uscd as Entcrpr isc 
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Servers (213), user groups using workstations p 

Branch exchange 2,« or v«o «r»e^ ^ ^ ^ 
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„„,e P.«, »ch OhC pro.rdmg • g fc „ — 

spotting standard ,nterfac« to e „«» P ^ ^ ^ ^ 
transport 'he «sc,s «» 2ffi ioicrfatcj , 

external devices. As example, the Access ^ ihrough 

p r „„e Branch cXch.ng. (PBX), apphca.™ 
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three Ports and communicates through the network by means of the adjacent 
Transit Nodes 201, 208 and 205. 



Switching Nodes 

Each network node (201 to 208) includes a Routing Point where the incoming 
data packets are selectively routed on the outgoing Trunks towards the neigh- 
boring Transit Nodes. Such routing decisions arc made according to the in- 
formation contained in the header of the data packets. In addition to the basic 
packet routing function, the network nodes also provide ancillary services such 
as : 

• the determination of routing paths for packets originated in the node, 

• directory services like retrieving and updating information about network 
users and resources, 

• the maintaining of a consistent view of the physical network topology, in- 
cluding link utilization information, and 

• the reservation of resources at access points of the network. 

Each Port is connected to a plurality of user processing equipments, each user 
equipment comprising cither a source of digital data to be transmitted to an- 
other user system, or a data sink for consuming digital data received from an- 
other user system, or, typically, both. The interpretation of the users protocols, 
the translation of the users data into packets formatted appropriately for their 
transmission on the packet network (200) and the generation of a header to 
route these packets arc executed by an Access Agent running in the Port. This 
header is made of Control and Routing Fields. 

• The Routing Fields contain all the information necessary to route the 
packet through the network (200) to the destination End Node to which it 
is addressed. 

• The Control Fields include, among other things, an encoded identification 
of the protocol to be used in interpreting the Routing Field . 
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Routing Points 

Figure 3 shows a general block diagram or a typical Routing Point (300) such 
as it can be found in the network Nodes (201 to 208) illustrated in Figure 2. 
A Routing Point comprises a high speed packet Switch (302) onto which 
packets arriving at the Routing Point arc entered. Such packets arc received : 

• from other nodes over high speed transmission links (303) via Trunk 
Adapters (304). 

• from users via application adapters called Ports (301). 

Using information in the packet header t the adapters (304, 301) determine 
which packets are to be routed by means of the Switch (302) towards a local 
user network (307) or towards a transmission link (303) leaving the Node. The 
adapters (301 and 304) include queuing circuits for queuing packets prior to 
or subsequent to their launch on the Switch (302). 

The Route Controller (305) calculates the optimum routes through the net- 
work (200) so as to minimize the amount of network resources used to com- 
plete a communication path and builds the header of the packets generated in 
the Routing Point. The optimization criteria includes the characteristics of the 
connection request, the capabilities and the utilization of the Trunks in the 
path, the number of intermediate nodes ... All the information necessary for 
the routing, about the nodes and transmission links connected to the nodes, arc 
contained in a Network Topology Database (306). Under steady state condi- 
tions, every Routing Point has the same view of the network. The network 
topology information is updated when new links arc activated or new nodes 
added to the network. Such information is exchanged by means of control 
messages with all other Route Controllers to provide the necessary up-to-date 
information needed for route calculation (such database updates arc carried 
on packets very similar to the data packets between end users of the network). 
The fact that the network topology is kept current in every node through con- 
tinuous updates allows dynamic network reconfigurations without disrupting 
end users logical sessions 
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The incoming transmission links to the packet Routing Point may comprise 
links Trom external devices in the local user networks (210) or links (Trunks) 
from adjacent network nodes (209). In any case, the Routing Point operates in 
the same manner to receive each dala packet and forward it on to another 
Routing Point as dictated by the information in the packet header. The fast 
packet switching network operates to enable a communication between any 
two end user applications without dedicating any transmission or node facili- 
ties to that communication path except for the duration of a single packet. In 
this way, the utilization of the communication facilities of the packet network 
is optimized to carry significantly more traffic than would be possible with 
dedicated transmission links for each communication path. 
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Povts and Trunk Adapters 



Adapters Function 

Ports arc located at the boundary of the high speed network. They allow ter- 
minal equipments to exchange information through the high speed network 
without the need for knowing the specific high speed protocol used. The main 
function of the Ports are : 

• receiving foreign protocol data units from an external resource and for- 
warding them as high speed packets over the network to a target Port, and 

• converting high speed packets back to foreign protocol data units and 
sending them to the target resource, 

• controlling the bandwidth. 

Note : the source and target Ports may be located in the same node. 

Trunks arc the links between the high speed network nodes. They carry high 
speed packets. Each Trunk manage its link bandwidth and link status. A crit- 
ical task of the Trunks is the management of traffic priorities and allocation 
of internal buffers to reduce delay and congestion. 

In addition, there is a special type of adapter called Route Controller Adapter 
(305) which : 

• communicates with the other adapters (301 , 304) through the Switch (302), 

• implements the centralized functions of the Route Controller such as the 
topology, the path selection .... 

• establishes, maintains and cancels end-to-end high speed connections. 
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Adapters Architecture 

Several techniques for designing said Ports, Trunk and Route Controller 
Adapters, to obtain more or less flexible and efficient transmission systems. 
Most of the adapters today arc built around a specialized hardware depending 
on the function and protocol of the connected links. 

The present invention, to satisfy the previously enumerated connectivity and 
flexibility requirements, provides a software solution based on a common 
hardware structure. Port and Trunk Adapters present the same architecture 
and their functional differentiation is realized through a specific programming. 
However, even using the most efficient general purpose microprocessor today 
available on the market, the experience shows that it is very difficult to reach 
the desired level of performance in term of number of switched packet per 
second. This is the reason why the control of each adapter has been shared 
between two processors : a Specific Purpose Processors (SPP, 406, 412), opti- 
mized for the packet switching and a General Purpose Processor (GPP, 409), 
the first dealing with the packet to be switched, the critical processing in term 
of performance, and the second with the adapter management. 

As shown in Figure 4, each adapter (400) comprises the following logic com- 
ponents : 

1. A General Purpose Processor (GPP, 409) whose programming depends or 
the selected Port or Trunk Adapter function. The GPP implements the 
adapter control operations. 

2. A Receive Adapter (401) for implementing three functions : 

• the checking of the high speed packets header. 

• the traffic discrimination according to the routing mode specified in the 
header of every incoming packet, 

• the routing of the incoming packets through the Switch (403) with the 
appropriate header. 

The Receive Adapter includes : 
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a. a Line Receiver (407) for handling the data movements between a Line 
Interface (415) and a Receive BulTcr Memory (RBM, 405). 

b. a Receive Buffer Memory (RBM, 405) lo temporarily store users data 
packets. 

c. a Receive Specific Purpose Processor (RSPP, 406) based on a special- 
ized microprocessor comprising a Local Memory (LM, 408). The 
RSPP handles the received steady state packet flow and forwards the 
control packets to the General Purpose Processor (409). 

d. a Local Memory (LM, 408) used by the RSPP (406) as work space. 

e. a Switch Transmitter Adapter (404) for 

- handling the data flow transferred from the buffer Memory (RBM, 
405) under the control of the Receive Specific Purpose Processor (406) 

- segmenting this flow in fixed length cells and, 

- generating an appropriate switch routing header 

3. a Transmit Adapter (402) for implementing the following functions : 

• the reception of the data flow from the Switch (403), 

• the checking of the cells header. 

• the reassembly in packets (Port), 

• the Trunk functions (Trunk adapter), 

• the routing. 

The Transmit Adapter includes : 

a. a Switch Receiver (410) for handling the flow coming from the Switch 
(403) and transferring it to the Buffer Memory for reassembly. 

b. a Transmit Specific Purpose Processor (XSPP, 412) similar to the Re- 
ceive Specific Purpose Processor (406). The XSPP handles the steady 
state data and forwards the control flow to the General Purpose 
Processor (GPP, 409). 

c. a Line Transmitter Adapter (413) for handling the data movements 
between the Buffer Memory (411) and the Line Interface (415). 
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The adapters arc connected on one side on the packet Switch and on the other 
side on the Line Interfaces : 

• The Line Interfaces (415) arc used to adapt the Port and Trunk Adapter 
physical interfaces to the appropriate media. 

• The packet Switch (302, 403) allows the Route Controller (305) and the 
different Ports (301), Trunk Adapters (304) to communicate. 



Data Flow Control 

The receive and transmit data flows in the Trunk Adapters are represented in 
Figure 5. In a proprietary high speed network with packets of variable lengths, 
the receive process involves the steps of : 

1. Line Receiver, Buffer Memory, Specific Purpose Processor (501) system 

a. receiving the packets from the line, 

b. checking the packets header and in case of error discarding the packets, 

c. processing the information contained in the packets header according 
the routing mode, 

d. routing the control messages towards the General Purpose Processor 
(GPP, 502) 

c. encapsulating the packets with a specific switch header in function of 

the destination adapter, 
f. forwarding the packets and the GPP (502) control messages to the 

Switch Transmitter Adapter (504), 

2. Switch Transmitter Adapter (504) 

a. segmenting the packets in cells of fixed length adapted to the Switch 
(503), 

b. generating an error check field to ensure the integrity, of the switch 
header during the transmission of the cells over the Switch (503). 
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The transmit process, as for il, comprises the steps of : 

1 . Switch Receiver Adapter (505) 

a. receiving the ceils from the Switch (503), 

b. checking the switch header and, in case of error, discarding the cell, 

2. Line Receiver, Buffer Memory, Specific Purpose Processor (506) system 

a. reassembling the data packets, 

b. forwarding the control packets to the General Purpose Processor (502), 

c. encapsulating the packets with a routing header, 

d. receiving control packets from the GPP (502), 

c. qucucing data and control packets in the appropriate queues, 
f. handling the outgoing packets with priority given to real time data (and 
then to non real time data). 

It is possible to design the adapters to work cither in a a proprietary environ- 
ment with packets of variable length, or in a standard mode such as ATM 
(Asynchronous Transmission Mode) with short cells of fixed length, or in both 
where appropriate. In this last case, for performance purpose, cells routed on 
the switch arc identical or similar to these defined in the ATM protocol with 
as result : 

• the elimination of the packets segmentation and reassembly steps in the 
Switch Transmitter (508) and Receiver Adapters (509), 

• a simplification of the switch header processing in the Specific Purpose 
Processor (507,510). 
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Adapter Functional Structure 



The present invention deals with the relationships between the Line 
Receiver/Transmitter, the Buffer Memory, the Specific Purpose Processor, and 
the Switch Adapter and in particular with the handling of the data flow in a 
way to optimize the throughput and the processing time inside the adapters. 
More specifically, the invention relates to a very high performance system for 
qucucing and dequeucing the data buffers. 

The communication adapters are based on the following principles : 

• the Specific Purpose Processor is designed minimize the number of oper- 
ations necessary to manage the steady state data flow. 

• data packets and control data arc managed separately in two distinct 
memories respectively the Buffer Memory and the Local Memory. 

• the data packets buffering and the qucucing and dequeuing mechanisms 
arc identical for ail Ports-Trunk and Rcccivc-Transmit adapters. 

According to these considerations, the following conventions will be used to 
describe the invention : 

The device which reads in the Buffer Memory and the device which writes 
into the Buffer Memory arc designated respectively by IOl and 102. That 
means : 

• in the receive side of the adapter, IOl = Switch Transmitter and 102 = 
Line Receiver J 

• in the transmit side of the adapter, IOl = Line Transmitter and 102 = 
Switch Receiver. 



< v J In the same way : 



• an input data stream goes from the switch or external line (102) to the 
Buffer Memory. 

• an output data stream goes from the Buffer Memory to the switch or ex- 
ternal line (IOl). 
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Furthermore : 

The meaning of "packet* is application dependent. It may be applied, for ex- 
ample, to an SDLC frame from a Port, to a proprietary packet formal from a 
Trunk, or to a cell received from an ATM Trunk. The term "packet" that will 
be used in the following paragraphs will not refer to a precise data unit for- 
mat. 

Data Structures 



Buffers, Packets, Queues Structures 



a 



Data packets arc stored in the Buffer Memory (BM) while control data arc 
managed directly by the Specific Purpose Processor (SPP) in the Local Mem- 
ory (LM). The basic unit of memory that can be allocated to an input 
(Line/Switch Receiver (102)) or output device ( Line/Switch Transmitter 
(101)) is a buffer of fixed length. As illustrated in Figure 6, each of these 
buffers is represented in the Local Memory by a pointer called Buffer Pointer 
(BPTR). A pointer is a generic term to identify a logical data structure 
(buffer, packet, queue ...) stored in the Buffer Memory. The storage of a 
packet requires one or several buffers. These buffers arc chained together using 
a list of pointers (B_LIST) which is itself represented by a Packet Pointer 
(P_PTR). A list of Packet Pointers (P_LIST), identified by a Queue Pointer 
(Q_PTR), designates a queue of several packets. 



*f List Prefix 



Each list, representing a specific packet or a queue structure, is preceded by 
a Prefix used for storing any type of information related to the data the struc- 
ture contains. In Buffer Lists, the Prefix (B_PREFIX) contains information 
related to the routing of the packet : 
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• the packet header 

• the date of the packet reception 

• the packet length 

All the processor operations on the packet header arc realized in the the Local 
Memory (LM) without having to access to the data stored in the BufTcr 
Memory (BM). Furthermore, when the processor (SPP) is working on the 
Local Memory, the DMA operations on the Buffer Memory arc not disrupted. 
The result is a more efficient routing process and memory management. 



Packet Segmentation 

To facilitate the memory management, the lists used for packets and queues 
arc of fixed length. As represented in Figure 7, packets which arc bigger than 
the buffer list can contain, are segmented. This method allows the lists 
(B_LIST) not to be sized at the maximum packet length. The segments 
(BJJST I, B_L1ST 2) arc identified in the packet list (P_LiST) by means of 
distinct packet pointers (P_PTR I, P_PTR 2). The correlation between seg- 
ments of a same packet is realized through a specific Status Field (SF) located 
in the last Buffer Pointer (BPTR) of each segment. This field is flagged COS 
(End Of Segment) when the List is lull. In an output operation, 

• If Status Field is found equal to End Of Segment (EOS), the next pointer 
in the packet list (P_LIST) will identify another segment or the same data 
packet. 

• If Status Field is found equal to End Of Packet (EOP), the next pointer in 
the packet list (P_LIST) will identify another data packet. 



Buffer Pointers 

The Figure 8 describes the general format of a Buffer Pointer (801). Buffers 
(800) need not to be full and the data (DDDDDDDD) may start (A) and end 
(B) at any place. For example, it is possible to reserve the first bytes of a 
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bullci lo include a header a postenon I he data witting and tending is realized 
by means of live fields located in the Buffer Pointer (801) : 

• the First Element Pointer (FEP) : identification of the first data clement in 
the buffer (data may start at any place), 

• the Last Element Pointer (LEP) : identification of the last data clement in 
the buffer (data may end at any place), 

• the Status Field (SF) : this field is used in the last Buffer Pointer of a list 
to designate cither an End Of Segment (EOS) or an End Of Packet (EOP), 

• the Buffer IDcntificr (BID) : identification of the buffer containing the 
data, 

• the Current Element Pointer (CEP) : identification of the current data cle- 
ment to read or to write. 

The status of a Buffer Pointer before the data acquisition is such that the 
Current Element Pointer (CEP) is set equal to the First Element Pointer (FEP 
= CEP = A) (802). The Current Element Pointer is incremented each time a 
new clement is stored. At the end of the acquisition, the Current Element 
Pointer designates the last data (CEP = B) (803). For a subsequent process- 
ing, the Current Element Pointer value (CEP = B) is then writcn in place of 
i the Last Element Pointer (LEP) and afterwards reset to its initial value (CEP 

|| = FEP = A) (804). This method allows the transmission of the data in the 

?| order in which they were received. 

$ 

I 

n List Pointers 



.V;1 



Referring to Figure 9, the List Pointer format consists of three fields ; 

• the List IDcntificr (LID) : identification of the list, 

• the HEAD : identification of the first pointer of the list, 

• the TAIL : identification of the next pointer to attach to the list. 
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Free Suffer List (FBL) 

The management of the Buffer Memory is realized by means of a specific list 
called Free Buffer List (FBL). The FBL comprises the totality of the Buffer 
Pointers and its role is to provide a status of the memory occupation (Figure 
12) using the HEAD and TAIL fields of the Free Buffer List Pointer (P_FBL) 

• T : total number of buffers in the Buffer Memory. 

• HEAD : identification of the first free buffer of the list. Each time a new 
buffer is filled, the HEAD field is incremented. 

• TAIL : identification of the next free buffer of the list. Each time a new 
buffer is released, the TAIL field is incremented. 

• HEAD = TAIL : the Buffer Memory is full. 

• Incremented TAIL = HEAD : the Buffer Memory is empty. 

The Free Buffer List (FBL) is created at initiation time and is permanent 
contrary to other lists which arc created dynamically (Buffer, Packet or Queue 
Lists). 

Note : in general, when a lack of resources is detected (Free Buffer List 
empty), then the packet which cannot be stored in the Buffer Memory is dis- 
carded. 

Specific Purpose Processor Structure 

The Specific Purpose Processor functional structure is illustrated /in Figure 13. 
Processor Parallel processing 

The Specific Purpose Processor is designed to execute up to three operations 
in parallel : 

I. ALU (Arithmetical and Logical Unit, 140) operations on registers 
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2 . Memory operations 
3 Sequence operations 



Memory Space 
The SPP meow '1"" " 

. lh = !„»,«*» SU« (>»>. s iM „ lc 

Sequencer (133), conUol 0 f the u 

lhc Buffer Memory 032) una 

(DMA, 134 »" 



• IP „ arc divided in two categories: 
The rc&tstcrs arc 

These registers are iol 
as instruction operands. 



2. the 



Control Registers (CR) 
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The CR's arc hardware registers which arc used in specific functions and 
arc available also as instruction operands. However, there arc less degree 
of freedom in their use, as compared with the GPR's. In particular, two 
of these control registers (136) arc located in the Direct Access Memory 
(DMA, 134). 

• CRI = D_PTRI (DMA Pointer 101) 

• CR2 = D_PTR2 (DMA Pointer 102) 

DMA Pointers I and 2 arc associated to input/output lOl (137) and 102 
(138) and they both contain the current Buffer Pointer (B_PTR). 

Memory Address Generator (MAG, 139) 

tn all load or store operations, on the Local or on the Buffer Memory, the 
physical address is reconstituted from the different fields Of Buffer or List 
Pointer, used as operand. For performance reason, this operation is realized 
by a specialized hardware component called Memory Address Generator 
(MAG,139). 



Direct Memory Access Controller (DMA, 134)) 

The use of a Direct Memory Access Controller (DMA, 134) jointly with a 
processor is well-known in the state of the art. Its role is to quickly move the 
data packets between the IO devices (137, 138) and the Buffer Memory (132) 
without the processor (SPP) intervention. The DMA module consists of two 
independent programmable channels. The IO devices present their service re- 
quests (SRI, SR2) to the DMA which controls the access to the Buffer Mem- 
ory (132). The processor intervention is needed only at buffer and packet 
boundaries. The data streams between the two IO devices and the Buffer 
Memory is processed in parallel with the code. Up two IO operations can be 
multiplexed on the BMIO bus; one with 101 and the other with 102. For that 
the DMA manages the two DMA Pointers (D_PTRI and D_PTR2) which are 
nothing else than Buffer Pointers. 
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Input Output Subsystems 

• The Specific Purpose Processor (SPP) is considered as the "master- and it 
establishes the connections. 

• The lO devices and the Buffer Memory arc controlled cither directly by the 
processor code, or via the DMA. 

• The code intervention can be forced by the IO devices via the Interrupt 
mechanism in case of buffer or packet boundary. 
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Data Processing 

Various processing can be maile on Buffer and List Pointers : 

• Incrementing a Buffer Pointer, 

• Closing a buffer, 

• Accessing a List Prefix, 

• Attaching an clement to a list, 

• Detaching an clement from a list. 

Operations on Pointers 

Some operations on pointers are performed by the processor code, others by 
the Direct Memory Access (DMA). 

• The writing and reading of the Buffer Pointers is exclusively the fact of the 
DMA (134). 

- The writing in the Buffer Memory : 

At the reception of a service request (SR2) from an 102, the DMA has 
access to the Buffer Memory (132) by means of the address contained 
in the Pointer 2 (D_PTR2, 136). The DMA Pointer 2 is provided by 
the processor (SPP) and is nothing else than a Buffer Pointer (BPTR). 
The DMA orders simultaneously the 102 (138) to present a data cle- 
ment on the BMIO bus and the Buffer Memory (132) to write this data 
clement at the Current Element Pointer CEP) position in the buffer 
identified by the BID (Buffer IDcntificr) field in the DMA Pointer. 
Data are filled into the buffer starting an address chosen by the code 
and ending at the bottom of the buffer except the last buffer (of a 
packet) where data may end at any place. Before starting the input 
operation, the FEP (First Element Pointer) and the CEP (Current El- 
ement Pointer) fields in DMA Pointer are both on the first data posi- 
tion. There is no alignment constraints. The Current Pointer (CEP) is 
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incremented each time new data clement is stored. When the buffer is 
rull, the DMA demands from the processor a new Buffer Pointer 
through an interrupt mechanism (I02_EOB routine). A similar pro- 
cedure is used when the 102 delects the end of a packet (102_EOP 
routine)). After the data acquisition, the Current Element Pointer 
(CEP) is reset to the first data position (CEP = FEP). 

- The Reading in the Buffer Memory : 

At the reception of a service request (SRI) from an 101 , the DMA 
addresses the Buffer Memory (132) by means of the BID Held (Buffer 
IDcntificr) contained in the DMA Pointer I (DJTRI, 136). The 
DMA Pointer 1 is provided by the processor (SPP). The DMA orders 
simultaneously the Buffer Memory (132) to present on the BMIO bus 
a data element at the Current Element Pointer position in the buffer 
identified by the BID field of the DMA Pointer and the IOI device 
(138) to read this data clement. Before starting the output operation, 
the FEP (First Element Pointer) and the CEP (Current Element 
Pointer) fields in DMA Pointer are both on the first data position. The 
Current Pointer (CEP) is incremented each time new data clement is 
transferred. The buffer is empty when the Current Element Pointer 
value is equal to the Last Element Pointer value. At that time, the 
DMA demands a new Buffer Pointer from the processor through an 
interrupt mechanism (IOI_EOB routine). A similar procedure is used 
when the DMA detects a end of a segment or packet (IO!_EOS or 
IOI_EOP routine). After the data transfer, the Buffer Pointer is re- 
leased in the Free Buffer List, Packet List and Queue List arc updated 
accordingly. 

• Packet and Queue Pointers arc managed by the processor code : 

. the code intervention is forced by the IO devices and DMA via the 
Interrupt mechanism in case of buffer or packet boundary. 

- the buffer and packet qucueing and dequcucing mechanisms arc exe- 
cuted under the control of the processor in the Local Memory. 
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Interrupts 

The Interrupt mechanism is the way real lime is supported by the Specific 
Purpose Processor (SPP). An Interrupt is a break, due to particular events, in 
the normal sequence of the processor code. The events which can cause this 
Interrupt arc the service requests from the IO devices associated with specific 
conditions such as end of buffer, end of packet ... At each specific Interrupt 
corresponds a specific routine which cannot be interrupted by another routine. 
It is very important to have interrupt routines as short as possible to avoid 
ovcrrun/undcrrun problems. 

I. The following Interrupts arc used by the Line and Switch Transmitters 
(IO!). 

• IOI_EOB : 

Condition : when serving an output IOI, the DMA has emptied a 
buffer (which is not the last buffer of the packet/segment - the Buffer 
Pointer is not nagged EOS or EOP) the DMA Pointer (D_PTRI) raises 
a I01_EOB interrupt which triggers a !Ol_EOB routine. 

Routine : this routine 

- releases the pointer of the just emptied buffer in the Free Buffer 
List. A new pointer is dequeued from the Output Buffer List 
(OB_LIST) and passed to the DMA Pointer (D_PTRI). 

• IOI_EOP: 

Condition : when serving an output IOI, the DMA has emptied a 
packet (the last buffer of a packet which pointer contains the EOP flag 
ON), the DMA Pointer (D_PTR1) raises a IO!_EOP interrupt which 
triggers a IOI_EOP routine. 

Routine : the routine : 

. releases the current and last Buffer Pointer of the Output Buffer 
List (OB_LIST) in the Free Buffer List (FBL). 
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. detaches the current Output Packet Pointer (OPJ'TIt) from the 

Output Packet List (0P_L1ST). 
. dequeues the next packet and its pointer from the Output Packet 

List 
101_E0S : 

Condition : when serving an output 101. the DMA has empt.cd a 
segment (the last buffer of a packet segment which pointer contains the 
EOS Rag ON and the EOP nag OFF), the DMA Pointer (D_PTRI) 
raises a IOl_EOS interrupt which triggers a 101_EOS routine. 
Routine : this routine : 

. releases the pointer of the just emptied EOS buffer in the Free 

BulTcr List (FBL). 
. detaches the pointer of the just emptied packet in the Output 

Psclcct List. 

. dequeues the pointer of the next segment from the Output Packet 



List. 



2. These interrupts arc used by the Line and the Switch Receiver (102). 
• I02_E0B : 

Condition : when serving an input 102, the DMA has detected a 
Buffer Full condition (That buffer is not the last buffer of a packet), the 
DMA Pointer (D_PTR2) raises a I02_EOB interrupt which triggers a 
I02_E0B routine. 

Routine this routine : 

. stores the pointer or the just Riled up buffer in a pre-alloeatcd In- 
put Buffer List (!B_L1ST) where all buffers of the same packet arc 
chained. 

. updates the Input Buffer List prefix area (IBL_PREF1X). 

. provides the DMA Pointer (D_PTR2) with a new Buffer Pointer 
for continuing the reception of the data of the same packet. Free 
Buffer Pointers arc managed by the Free Buffer List (FBL). 
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. when lor the same packet, the Buffer List is full, the segmcnlaiion 
takes place. 

♦ I02_EOP : 

Condition : when serving an input 102, the DMA has completed the 
reception of a packet (the last buffer of the packet which pointer is 
flagged EOM by the hardware), the DMA Pointer raises a I02_EOP 
interrupt which triggers a I02_EOP routine. The code intervention is 
required to provide a new Buffer Pointer for the reception of a new 
packet. 

Routine : this routine : 

- stores the pointer of the last filled buffer in a prc-allocatcd Input 
Bufrer List (IB_LIST) where all buffers of the same packet are 
automatically chained. The last Buffer Pointer of a packet is 
flagged EOP by the DMA Pointer (DJPTR2). 

- updates the Input Buffer List prefix area (IBL_PREFIX). 

. the Packet Pointer of the Input Buffer List is queued in the Input 
Packet List (1P_LIST). 

- provides the DMA Pointer (D_PTR2) with a new Buffer Pointer 
(BPTR) for the reception of the next packet. 



Queuing and Dequeuing Operations 

The process of attaching and detaching, object of the present invention, in- 
volves the following operations : 

• LIN RA,RT : List IN 

• LOUT RA,RT : List OUT 

• LLEH RA,RT : Load List Element HEAD 
o ST LET RA,RB : Store List Element TAIL 

• GOTO (COND,)yVffiDR an immediate ADDRcss 
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ALU operations on registers 



LIN RA,RT (Figure 10) 

u xaii field of the List Pointer 

an clement to a list m the i l 

fuU indicator (F) is updated as foUows : 

IF INCREMENTED (TAIL) = HEAD then set F = I (List ^ u ") 
c- — n 



else set F = 0 



. nn the LIN operation docs not prevent the 
A list (UU condition detected on the L N ^ ^ 

execution of the STLET. However 

Examp ,c^ C ons^ 

acWrcss ,0,800-. U ^-- -- r , , 0018203 S- with (as e, 
its TAIL address is '001838, soils u 

ample) : 

. 2 bytes: List lDcntiner(OOtS) 
. 1 byte : HEAD (20) 

. ,byie : TAIL 08) rrrt 8 a 23 LID, 24 a 27 HEAD, 28 a 31 

(0 a , bits : list size 6 bits spare , 8 ^ ^ ^ in R20 . Thc 

TAIL, LID sur 12 bits + 4 bus a ^ " ^ opcratio n LIN 
operation LIN R20.R20 returns 001*2, ^ ^ ^ fey , 

LO UT operation in the mean ume). .t would 
2 . LOUT RA*T (Figure ID 
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j he LOUT (List OUT) operation incrcmcnls the HHAD Held of ihc List 
Pointer referenced by RA and stores the result into the register referenced 
by RT. If the list is empty, that means if the HEAD is equal to the TAIL 
Held, the RA contents is unchanged. The list empty indicator (E) is up- 
dated as follows : 

IF TAIL = HEAD then set E = I (List empty) 
else set E = 0 

LOUT is usually used in conjunction with the LLEH memory operation 
to detach the HEAD clement of a list. In that case RT = RA. 

Example : let's consider a 16 clement list located at address '003400' con- 
taining 5 elements. Its HEAD address is '003438' and its TAIL address is 
'0034 IC. So its List Pointer is '003438 1 C\ It is supposed to be held in 
R30. The operation LOUT R30 t R30 returns '00343CIC. If a second op- 
eration LOUT R30,R30 was performed (assuming no clement has been 
attached by a LIN operation in the mean time), it would return 
'003440 IC. 



Memory Operations 



I. LLEH RA,RT 

The LLEH (Load List Element Head) operation moves the HEAD cle- 
ment from the list referenced by RA to the RT register. LLEH is usually 
used in conjunction with LOUT operation to detach an clement (Buffer or 
List Pointer) from the HEAD of a list. When used in conjunction LOUT, 
RT must not be equal to RA and the register pointed by RA must be the 
same as that of LOUT. 

Example : let's consider a 16 clement list located at address '003400' con- 
taining 5 elements. Its HEAD address is '003438' and its TAIL address is 
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•003+IC. So its list pointer is 00343XIC'. It is supposed to be held in R30. 
The operation LLEH R30.R40 returns the contents or the Local Memory 
location '003438' into R40. 

2. STLET RA,RB 

The STLET (Store List Element Tail) operation stores the clement refer- 
enced by RB into the list referenced by RA at the TAIL position RA and 
RB arc List Pointers. 

STLET is usually used in conjunction with LIN (List IN) to attach an el- 
ement to the TAIL of a list. 

Example, let's consider a .6 elements list located at address '003400' con- 
taining 5 elements. Its HEAD address is '003438' and its TAIL address is 
•0034IC. So its List Pointer is '0034381C. It is supposed to be held »n 
R30. The operation STLET R30.R40 writes the contents of R40 .nto Local 
Memory location '0034 IC. 



Note : 



a. 



STLET can be used, without LIN, to modify the pointer of the last 
buffer of a packet. 

,f an element is attached to a full list, the list full condition (F - 1) 
which is detected by the LIN operation, does not prevent the execute 
«r the STLET operation. However, the store alters a non sigmficant l.st 
clement. 



Sequence operations 

The condition indicators set by the LIN and LOUT operations 

• E List Empty 

• F List Full 
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reflect a processor slate which can be tested in the same instruction or later by 
a conditional sequence operation. 

I. GOTO (CO ND,) A DDR 

If the tested condition (if any) is met, the new code address is given by the 
ADDR operand. If not the code proceeds in sequence. 

Typical Instructions 

♦ The following instruction allows to detach an clement (Buffer or List 
Pointer) from the HEAD of a list, the List Pointer being given by RA 
(Figure 14) : 

LOUT RA.RA LLEH RA,RB 

The LOUT (ALU operation 140) increments the HEAD field of the List 
Pointer referenced by RA (Register File 141) (The RA register is updated 
with the new HEAD value at the next clock signal). Simultaneously, the 
HEAD clement of the list referenced by RA is moved from the Local 
Memory (142) to the register RB (141) by means of the memory operation 
LLEH. 

• The following instruction allows to attach an clement (Buffer or List 
Pointer) given by RB to the TAIL of a list, the List Pointer being given by 
R A (Figure 15) : 

LIN RA,RA ST LET RA,RB 

The LIN (ALU operation 150) increments the TAIL field of the List 
Pointer referenced by RA (Register File 151). (The RA register is updated 
with the new TAIL value at the next clock signal). Simultaneously, the 
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TAIL Cc.cn, of the lis, referenced by RA is moved Hon, the rc^K 
l0 lhc Local Memory (.52) by means of the memory opcrat.on STLL r. 

The blowing instruction a.lows to rc.casc a buffer (its pointer being given 

TrZ «£ ™ l ° r ihc Frcc Buffcr Lisl - lhc poinlcr cf wh ,s e,vcn 

by RA : 

L1NRA.RA STLET RA,RB 



Qtieueing & Dequeuing Cycles 

contents of the RA register (.62) used as ,nput operand hs app.KK. 
ously to the ALU and to the Local Memory by means of^U B- 0 «* 
A1 U increments the HEAD field or the po.ntcr. The rcg.Mer RA (« J 
^ (.^updated respective* with the new points va,e an the HEAD 
dement at the Cock signal (.66). The oucucing process ,s s.m.la, 
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Performance 

The throughput of a communication adapter is defined as the total time re- 
quired to handle a data packet from the input to the output. However, the 
packet size being application dependent, two measures are currently used to 
evaluate the performances of adapters : 

• first, the number of packets of fixed length the adapter is able to handle in 
a second (packet throughput), 

• second, the number of bits per second the adapter is able to transmit in 
case of infinite packet length (data throughput). 

The performances depend on the hardware and on the processor capabilities 
but the main throughput limiting factor is the packet processing time and this 
processing time is directly related to the number of instructions required to 
handle a packet. The operations on the packets can be divided in. two catego- 
ries : 

• the buffering process with the interrupt routines. This operation is generic 
for all adapter types. The processing time required for this operation is 
directly proportional to the packet length. 

• the background process with the operations of routing, assembling - disas- 
sembling, formatting of the packets , management of the bandwidth, pri- 
ority, ... This process is designed according to the adapter function, but in 
the same application, the background process is identical for all packets 
independently of their size. 

The interrupt routines arc the way real time is supported by the processor. 
They must be as short as possible to avoid the overrun on the input device 
(IOI) and the underrun on the output device (IOI). They commands the per- 
formance of the adapter in term data throughput (bits per second). For 
packets of infinite length, the background process disappears and the 
throughput bottleneck is the DMA. The DMA response time, which depends 
of the interrupt response time, is optimized by means of the queuing and dc- 
queucing operations objects of the present invention. 
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In another way, to maximize the packet throughput (number of packets pet- 
seconds that the adapter is able to transmit), the number of instructions re- 
quired by the background process must be reduced to a minimum. As in the 
previous case, the qucucing and dequcucing operations arc optimized by means 
of the present invention (only one processor cycle or instruction). Furthermore, 
the particular data organization between the different memory entities con- 
tributes to an efficient manipulation of the packets. 
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The embodiments of the invention in which an exclusive property or privilege is 
claimed are defined as follows: 

I . A line adapter for a switching node in a packet communication network 
including: 

a programmable processing means (SSP) for receiving and transmitting data 
packets of fixed or variable length; 

memory means having a plurality of buffers for storing said data packets and 
a separate area for working storage; 

means for identifying said data packets in said buffers including: 

buffer pointers (BPTR) each identifying one of the said data packet 

buffers, said buffer pointers including a status field for indicating when the 

pointed to buffer contains the end of a packet (EOP) or the end of a segment 



a free buffer list (FBL) and an associated free buffer list pointer 
(P_FBL) for identifying said list, said list including indicia indicating buffers 
which are free and available for use in storing packets, 

buffer lists (B UST) each including a plurality of buffer pointers 
(B PTR) each identifying a buffer in the memory in which packet data is 
sto^d, packet pointers (P_PTR) for identifying a said buffer list (B_LIST), at 
least one list of packet pointers (PLIST), and queue pointers (Q_PTR) for 
identifying a said packet pointer list (PLIST); 

means responsive to the detection of the end of segment (EOS) status for 
correlating buffers of the same packet having buffer pointers (B PTR) in different 
buffer lists (BJXST). whereby buffer lists (» LIST) can be of uniform size or 
smaller than needed to accommodate the latest packet; 

means for listnu: said ulnitifyinr nvans in said working storage in a single 
instinct ion: 

means for dcliMini: said idciitifyiiiL* means in said working storage in a single 
instruction: and 

means rcsponsiu to the delistiur "fa buffer for modifying the indicia in the 
free buffer list (FBI.) * -ulicatc the availability of the buffer. 
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2. The programmable adapter set forth in claim I in which each of the lists 
includes a prefix for storing information related to the data included in the list. 

3. The programmable adapter set forth in claim 2 in which the said buffer 
list prefix includes control and routing information from the header of the stored data 
packet. 

4. The programmable adapter set forth in claim 3 in which the listing and 
delisting means can have up to three operations executing in parallel. 

5. The programmable adapter set forth in claim I in which said list 
pointers include: 

a first field identifying the list (LID); 

a second field identifying where (TAIL) to attach a pointer to the list; and 
a third field identifying the first pointer (HEAD) in the list. 

6. The programmable adapter set forth in claim 1 in which each buffer 
pointer includes in addition to said status field: 

a first field for identifying a buffer (BID); 

a second field for identifying the first data element (FEP) in said buffer; 
a third field for identifying the last data element (LEP) in said buffer; and 
a fourth field for identifying a current data element (CEP) in said buffer. 



the buffer lists arc of fixed length: 

the buffer pointers can be chained in a plurality of buffer lists when a stored 
data packet requires more buffers than a single fixed length buffer list can 
accommodate; and 

said status indicate is set in ihe I.m buffer pointer of each buffer list to ensure 
a correlation between tin: different lists of the said data packet. 



o 



The programmable adapter set forth in claim 6 in which: 
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8. A method of handling data packets in a line adapter for a switching 
node in a packet communication network which includes a memory, a programmable 
processing means (SSP) for receiving and transmitting data packets of fixed or 
variable length, said method including the following steps: 

dividing said memory into a plurality of buffers for storing said data packets 
and a separate area for working storage; 

establishing pointers and lists in the working storage for identifying said data 
packets in said buffers including: 

buffer pointers (BPTR) each identifying one of the said data packet 

buffers, said buffer pointers including a status field for indicating when the 

pointed to buffer contains the end of a packet (EOP) or the end of a segment 

(EOS), 

a free buffer list (FBL) and an associated free buffer list pointer 
(PFBL) for identifying said list, said list including indicia indicating buffers 
which are free and available for use in storing packets, 

buffer lists (BLIST) each including a plurality of buffer pointers 
(B PTR) each identifying a buffer in the memory in which packet data is 
stored, 

packet pointers (PPTR) for identifying a said buffer list (B_LIST), 
queue pointers (Q_PTR) for identifying a said packet pointer list 
(P_LIST); 

detecting the end of segment (EOS) status for correlating buffers of the same 
packet having buffer pointers (B PTR) in different buffer lists (B UST), whereby 
buffer lists (B LIST) can be of uniform size or smaller than needed to accommodate 
the largest packet; 

listing said identifying means in said working storage in a single instruction; 
delisting said identifying means in said working storage in a single instruction; 

and 

modifying the indicia in ilic free imMci list (FBL) to indicate the availability 
of the buffer following the delisting ot i buffer. 



92 037 



2120558 



9. 



The method set forth in claim 8 in which each of the lists includes a 
prefix for storing infonnation related to the data included in the list. 

10 The method set forth in claim 9 in which the said buffer lis. prefix 

, , . The method set fort., in claim 8 in which the listing and delisting step 
can have up to three operations executing in parallel. 

• X2 . The method set forth in claim 8 in which said list pointers include: 
a first field identifying the list (LID); 

a second field identifying where (TAIL) ,o attach a pointer to the hst; and 
a third field identifying the first pointer (HEAD) in the list. 

, 3 . The method set forth in claim 8 in which each buffer pointer includes 

in addition to said status field: 

a first field for identifying a buffer (BID); 

. second field for identifying the first data element (FEP) in sa.d buffer; 
a third field for identifying the last data element (LEP) in satd buffer, and 
a fourth fie.d for identifying a current data element (CEP) in sa,d buffer. 

14. The method set forth in claim 13 in which: 
the buffer lists are of fixed length; 

, h e buffer p-ers on be cb-ined in . P-* •"»*<«* « to 

* X «,L « - ■ — - " n8,h tafe 
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